Gingivectomy is a procedure often performed in everyday clinical practice. It aims mainly to reduce the periodontal pocket height and to expose a larger gingivo-incisal length of the clinical crown prior to the prosthetic restoration. The devices used in performing gingivectomy can be divided into two main groups: conventional -a scalpel, a ceramic bur, an electrocautery device; and modern -different types of surgical lasers. A histological assessment is needed to compare and evaluate the results after the procedure in order to choose the best instrument depending on the clinical case.
AIM
The aim of the current research was to evaluate and compare the gingival cut surface after resection with 6 different surgical instruments.
MATERIALS AND METHODS
Histological samples from gingival tissue were taken from 18 patients (age range 18 to 28 years). One sample was taken from each of the patients using one of these surgical instruments: a surgical scalpel, an Er:YAG laser, a CO 2 laser, a ceramic bur, an electrocautery device and a diode laser.
The histological samples excised with a surgical scalpel (blade #15c, Hu Friedy) were assigned as a control group and the other fi ve types -as test groups. The following histological parameters were measured: coagulation layer thickness (in μm); presence or absence of a microscopic rupture and presence or absence of hemostasis in-depth.
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formed using the following instruments:
The Er:YAG laser with a wavelength of 2940 nm (LiteTouch; Syneron Dental). A thin chisel tip (AS71972, tip diameter -0.8 mm, length -17 mm) is used in a contact mode with an incessant brushing motion and a 15° angle to the root surface. The settings are: Gingivectomy, 300 mJ, 18 Hz (5.4 W) with 40% water cooling. The time of treatment varies and depends on the diameter of the tooth cervix. The spot size (beam diameter) is 0.8 mm, pulse width -410 μs, energy per pulse -300 mJ, peak pulse power -approximately 732W. The power density is 1074 W/cm 2 and the energy density -661 J/cm 2 .
The diode laser also evaporates the tissue up to the bleeding points' level. The wavelength is 810 nm (FOX, A.R.C. Lasers GmbH). The tip is activated by holding it on a special black paper before starting the procedure. The settings are: gingivectomy, 1.5 W, continuous mode, without water cooling. The mode is contact, the fi bre diameter and the spot size (beam diameter) -300 μm. The power density is 2100 W/cm 2 and the energy density -496 J/cm 2 .
The CО 2 laser is a CW laser and is held at an angle of 8° to the long axis of the tooth, at a distance of 10 mm from the tooth. The duration of the procedure is 30 sec. The laser (DSE, Korea) settings are: wavelength -10600 nm, Ultra Dream Pulse mode with a peak pulse power -252 W, duration -200 μs, repetition rate -5 ms (200Hz), mode -Implant 2 nd Surgery, noncontact focused mode, without water cooling, air: on. The handpiece should slide on the gingiva without any resistance. The spot diameter is 2.5 mm at source; the laser power is 9.69 W and the peak pulse power -252 W. The power density is 44 W/cm 2 and the energy density -85 J/cm 2 .
For the ceramic bur technique (Tissue Trimmer -NTI) a turbine handpiece (NSK, Ti-Max Z 900 L, 300 000 rpm) without water cooling is used. The bur cuts only soft tissue without interfering with the bone or the hard dental tissues. It cuts with its top and side surfaces, so that it can be angled in different directions depending on what the clinician wants to achieve. Coagulation, and therefore hemostasis, is achieved due to the temperature rise.
The last technique uses an electrocautery device (output power -60 W, 500 Ω, crest factor -1.5, monopolar, operating frequency -495 kHz, Duty cycle -10/30; "Kentamed", Bulgaria). One of the electrodes is held in the patient's hand and the other one, in the form of a handpiece, is used for cutting the soft tissue. It works in "CUT 1" mode. The handpiece should be held perpendicular to the surface, without water cooling, and should be sliding through the gingiva without any resistance. Stopping at one spot is avoided as it may cause carbonization of the tissue.
After the excisions the samples were fi xed in 10% formalin. The biopsies were then immersed in paraffi n and cut in 5-μm-wide slices. Olympus CH30 light microscope with 4x and 10x magnifi cation and a macrometric system Obejktmikrometer and Okularmikrometer (Carl-Zeiss Jena) were used for the pathomorphologic examination.
The research was approved by the Ethical Committee of the Medical University, Plovdiv and all the patients signed an informed consent. The research data were analysed using SPSS ver. 19. The differences were considered statistically signifi cant at α<0.05. The following methods were used: descriptive analysis -one-dimensional and two-dimensional frequency distribution tables; nonparametric analysis -Mann-Whitney, U-test, Kruskal-Wallis one-way analysis; logistic-regression analysis -to determine the occurrence risk (OR) of an event. Fig. 1 shows the presence or absence of a microscopic rupture in the gingiva. The control group with the surgical scalpel demonstrated no rupture. On the contrary, all of the biopsies excised with an electrocautery device and a diode laser were miscroscopically ruptured. 55.6% of the ceramic bur biopsies and 33.3% of the Er:YAG laser and CO 2 laser samples were microscopically ruptured. As far as hemostasis in-depth is concerned (Fig. 2) , it was present in all histological samples excised with a CO 2 laser, electrocautery and a diode laser. Ceramic bur and Er:YAG laser biopsies showed no hemostasis, while it was present in 22.2% in the examined scalpel biopsies. Fig. 3 shows the width of the coagulation layer in μm. The control samples expectedly showed no coagulation layer (Fig. 4) . The Er:YAG biopsies demonstrated the thinnest coagulation layer -47.9±36.44 μm (Fig. 5) , followed by the ceramic bur -101.11±13.176 μm (Fig. 6 ) and the CO 2 laser -165.11±36.440 μm (Fig. 7) . The electrocautery presented with a much wider layer -743.89±69.497 μm, and the widest one belonged to the diode laser samples -948.33±170.990 μm (Fig. 9) . The differences were statistically signifi cant.
RESULTS

DISCUSSION
CO 2 laser showed fi rm hemostasis, minimal microscopic rupture and a thin coagulation layer, thus considered to be an advantageous laser wavelength in terms of surgical incision. 3, 6, 8, 16 . Therefore, the expected healing process is faster and with fewer side effects -pain, oedema and erythema. 20, 21 Its disadvantage is the high cost. 6 The Er:YAG laser also has advantages -a thin coagulation layer and lack of hemostasis in-depth. 6 The main plus point compared to the others is the water cooling, which make manipulations more gentle and the healing -accelerated. 5, 22 It main disadvantage is its high cost. 6 The diode laser also has some advantages, although its results compared to the others are less well represented. 1, 7, 17 The coagulation and hemostasis in-depth are well expressed and, despite the microscopic rupture, they are clinical advantages because of the lack of bleeding. 18, 19 This allows the clinician to continue with the prosthetic procedures like taking an impression. 10 This conclusion applies to the other lasers as well. The electrocautery device demonstrates competitive results compared to the lasers. 2, 4 Its advantages are that it is less expensive, cuts not only with its tip and the manipulation is performed faster than the diode laser for example. 13, 15 Its disadvantages, which are advantages for the laser, are that it should not be used around metal restorations, the smell of burning is more intrusive and the tactile sense is less pronounced. 9 The ceramic bur also demonstrates excellent advantages -it is less expensive than the other instruments and the coagulation layer is similar to that from the lasers. The less pronounced hemostasis in-depth is a disadvantage, which can complicate the clinical procedures.
Female patients in the present study presented with a 4 times higher risk or gingival microscopic rupture than men. Their hemostasis is less pronounced than that of the male patients, which is a factor requiring a special selection of the surgical methods.
CONCLUSIONS
Dental lasers demonstrated a number of advantages in terms of their clinical and technical characteristics for soft tissue surgery compared to the traditional instruments. Due to their excellent coagulation, minimal microscopic rupture and faster healing, they perform optimal clinical results. The thorough examination of conventional and contemporary surgical instruments -their benefi ts and drawbacks, is essential to obtaining the optimal result depending on the clinical case. 
